ABSTRACT Coronary aneurysms were demonstrated echocardiographically in 34 of 186 patients who presented with Kawasaki syndrome between 1979 and 1983. The aneurysms were confirmed by selective coronary angiography in 27 patients and by postmortem examination in one. The 27 surviving patients with proven aneurysms were followed for 2 to 40 months (mean 15), during which they received low dose (5 to 10 mg/kg) aspirin daily. Progressive improvement and resolution of aneurysms were observed by serial echocardiography in 18 patients and confirmed by angiography in 14. Coronary aneurysms persisted, however, in nine other patients for 14 to 40 months (mean 25.7). The incidence of aneurysm resolution was higher in children less than 1 year of age at the onset of the illness than in patients older than 1 year (100% vs 50%; p < .001). Aneurysms were more likely to resolve in girls than in boys (100% vs 42%; p < .001). Fusiform aneurysms tended to resolve more frequently than saccular lesions (80% vs 18%; p < .025). Aneurysms located distally in the coronary arteries appear to regress more rapidly than proximal ones. We conclude that an age of less than 1 year at the onset of Kawasaki syndrome, female sex, and fusiform aneurysm morphology are significant factors that favor resolution of coronary artery aneurysms. However, important questions remain with regard to the long-term fate and functional capabilities of these healed lesions. Circulation 75, No. 2, 387-394, 1987. KAWASAKI SYNDROME, first described in Japan in 1967, has gained worldwide attention because of the development of coronary aneurysms in 15% to 20% of patients. 1-3 Deaths have occurred primarily from myocardial infarction after thrombosis within the aneurysms.4 Originally mortality was reported as 1% to 2%. However, a recent nationwide survey in Japan showed that the mortality rate had decreased to 0.3% .5 Our own experience in Los Angeles (0.5% mortality) also underscores this trend toward decreased mortality. This decrease in death rate is attributed to early diagnosis and initiation of aspirin therapy. 
KAWASAKI SYNDROME, first described in Japan in 1967, has gained worldwide attention because of the development of coronary aneurysms in 15% to 20% of patients. 1-3 Deaths have occurred primarily from myocardial infarction after thrombosis within the aneurysms. 4 Originally mortality was reported as 1% to 2%. However, a recent nationwide survey in Japan showed that the mortality rate had decreased to 0.3% . 5 Our own experience in Los Angeles (0.5% mortality) also underscores this trend toward decreased mortality. This decrease in death rate is attributed to early diagnosis and initiation of aspirin therapy.5 Furthermore, regression and/or resolution of coronary aneurysms have been reported by Glantz et al.6 in the United States and by Kato et al.7 in Japan. We have noted that rate and extent of regression of aneurysms varied considerably among patients. In some patients dramatic changes occur in a relatively short span of time, whereas in others angiographic and echocardiographic appearances change very little over years. In this study we attempted to identify various factors that may influence regression of coronary-artery aneurysms.
Methods
Patients. A total of 186 patients with Kawasaki syndrome were seen at Childrens Hospital of Los Angeles from 1979 through August 1983 . Their ages ranged from 3 months to 14 years, with a median of 2 years and 3 months. The male-tofemale ratio was 1.6: 1. The ethnic distribution of the patients is shown in table 1. For comparison, the ethnic distribution of patients admitted to Childrens Hospital of Los Angeles and that of the population in Los Angeles County according to 1980 census data are also shown. As can be seen, Asians are overrepresented in the Kawasaki syndrome group.
Diagnosis and treatment. The diagnosis was made using the clinical criteria established by the Center for Disease Control. 8 Appropriate laboratory studies were done to exclude diseases of known etiology including group A streptococcal infection, leptospirosis, and Ebstein-Barr virus infection. A careful history was taken to exclude drug reactions and exposure to mercury. All patients diagnosed as having Kawasaki syndrome in the acute febrile phase were treated with aspirin (80 to 100 mg/kg/day) until fever, skin rash, and other systemic symptoms subsided. No other anti-inflammatory agent or gamma globulin was used in this group of patients. The dose of aspirin was then reduced to 5 to 10 mg/kg/day for inhibition of platelet aggregation. In patients with multiple large coronary artery aneurysms, dipyridamole (2 to 3 mg/kg/day) was added to the regimen. The duration of low-dose aspirin therapy depended on the condition of the patient's coronary arteries. In those patients who devel- 10 A coronary artery with a uniform lumen of 2 mm or less was judged to be normal. An artery was judged to be abnormal if its internal diameter was in excess of 3 mm and was frequently surrounded by bright echoes. When two observers could unequivocally agree on the interpretations of abnormality, the artery was judged as definitely abnormal. Patients with equivocal echocardiographic findings were not included in this study.
Coronary arteriography. Thirty of the 34 patients who showed echocardiographic evidence of abnormal coronary arteries during the early phase of illness underwent cardiac catheterization and angiography. The interval between the first echocardiographic examination and cardiac catheterization ranged from 10 Morphologic classification of aneurysms. Angiographicall y defined aneurysms in 17 patients were classified into four morphologic types: fusiform, saccular, ectatic, and segmented (figure 1). The first two types were localized to any one arterial segment, whereas the latter two types involved large portions of coronary arteries. Fusiform (spindle-shaped) aneurysms were limited to a short segment and characteristically showed gradual transition in internal diameter from the normal to the dilated segment at both proximal and distal ends. Saccular aneurysms also were confined to a short segment but showed abrupt transition from the normal to the dilated state. Their profiles were spherical, dumbbell-shaped, triangular, or "sack-like." An ectatic aneurysm encompassed a long arterial segment and was more or less uniformly dilated throughout its entire length. A segmented aneurysm also involved a long arterial segment. Unlike an ectatic aneurysm, it had multiple dilated segments joined by short normal or stenotic segments. At a branching point the aneurysm frequently assumed a lobulated pattern.
Aneurysms were identified in proximal, middle, and distal segments of major coronary arteries according to the nomenclature used by the National Heart, Lung, and Blood Institute Coronary Artery Surgery Study.'3 Where an extensive aneurysm involved more than one segment, it was tabulated as multiple aneurysms equal to the number of involved segments. The incidence of resolution was analyzed according to whether aneurysms were located in proximal, middle, or distal arterial segments by the chi-square test in eight patients in whom serial angiographic examinations were available.
Results
Thirty-four of 186 patients (18.3%) fulfilled echocardiographic criteria for coronary artery aneurysms 19.4 + 10.3 days (mean + SD) (range 8 to 43) after onset of Kawasaki syndrome. One of these patients died of massive myocardial infarction caused by thrombosis of multiple coronary aneurysms during the acute phase of illness, making the mortality rate in our series of patients 0. 5% (2.9% of the patients with positive echocardiographic findings). Three of the patients were subsequently lost to follow up. The echocardiograms of three other patients were abnormal, but coronary arteriograms obtained within 24 hr of the last echocardiographic examination were normal. These echocardiograms were therefore classified as "false positive." Excluding these patients with false-positive results, the overall incidence of coronary artery aneurysms in our patients was 16.4%. The remaining 27 patients were followed for 2 to 40 months (mean 15) with serial echocardiograms.
Nine children (33% of these 27) who had angiographically proven Age of onset. Eleven of the 28 patients (39%) under 1 year of age at onset developed coronary aneurysms, whereas only 20 of 158 (13%) children older than 1 year developed aneurysms (p < .00 14) (table 2). One infant girl died of massive myocardial infarction 20 days after onset. One infant and two children over 1 year of age with aneurysms were lost to follow up. Aneurysms in all nine of the remaining infants under 1 year of age resolved, whereas aneurysms resolved in only nine of the 18 remaining older patients (50%) (p < .001; table 3). Figure 6 shows the results of lifetable analysis plotting probabilities of persistence of coronary aneurysms in the entire group as well as in younger and older cohorts of patients. The estimated probability of aneurysm resolution in the entire group at the end of 31 months was 80%. In the patients under 1 year of age there was a 100% probability of resolution within 18 months of onset of the disease. In the older patients there was a 68% probability of aneurysm resolution within 31 months from onset. The difference became significant after 7 months (p -.003).
Sex. Nineteen boys and 12 girls developed aneurysms. Follow-up data were available in 18 boys and Figure 7 presents probabilities of persistence of aneurysms in boys and girls in a life-table format. In girls there was a 100% probability of resolution within 31 months from onset. In comparison, there was only a 42% probability of resolution in boys. The difference became significant after 7 months (p -.003).
We examined whether this sex difference in resolution resulted from age bias. The average ages of boys and girls with aneurysms were 2.37 ± 1.95 and 1.25 ± 1.30 years (mean ± SD), respectively. This difference failed to reach statistical significance. But when the boys and girls were subdivided into those who had had resolution and those who had not, the ages of the subgroups were significantly different (analysis of variance, p < .0 1). The ages of the boys and girls who had had resolution were 1. 11 + 0.79 and 1.25 ± 1.30 years, respectively, and were not significantly different by multiple-comparison t test. The age of the boys whose aneurysms persisted was 3.64 ± 1.97 years (range 1.08 to 6.92), which was significantly greater than that of either the boys or the girls who had had resolution (p < .001 and p < .005, respectively). We examined the incidence of aneurysms in boys and girls with Kawasaki syndrome in different age brackets to further elucidate this problem. Age-specific incidences of aneurysms in boys and girls under 2 years of age were 17.6% and 22.6%, respectively. The difference was not significant. The incidence of aneurysms in boys older than 2 years was 15.9%, whereas that in girls in the same age bracket was only 4.9% (p < .05).
Aneurysm morphology. aneurysms had become more normal in caliber (three patients).
Discussion
The demographic characteristics of our patients, including a male-to-female ratio of 1.6: 1, a predominance of young patients under 4 years, and a relatively high prevalence of Asian ethnic groups, are all consistent with previously reported epidemiologic data. '4 The 16% incidence of coronary artery aneurysms in our patients is also similar to that reported in previous studies.7 Echocardiography is widely recognized as a sensitive screening tool for coronary aneurysms in this syndrome,9 10 with very high sensitivity and acceptable specificity recently documented by Capannari et al. 15 However, false-positive interpretations of echocardiograms do occur occasionally. These are usually due to relatively large but otherwise normal coronary arteries as noted in our three patients.
The fact that coronary artery aneurysms may undergo regression or resolution has been reported previously. 6 , Striking discrepancies exist among patients in the incidence, rapidity, and extent of regression. Our overall statistics indicate that two-thirds of those patients with initial echocardiographic evidence of coronary artery aneurysms subsequently undergo resolu- Sex differences in the resolution of aneurysms is partly explained by a significantly higher incidence of aneurysms in older boys. In other words, Kawasaki syndrome appears to take a milder form in older girls than in older boys, whereas the severity of disease as indicated by incidence of aneurysms seems to be equally high in both sexes in the younger age bracket.
The influence of aneurysm morphology on resolution is interesting. No age difference was noted among the three morphologic groups. Within each group, younger age of onset prevailed as a factor influencing resolution.
Fusiform aneurysms appear to resolve more frequently than saccular ones. In fusiform lesions there is more gradual transition from normal luminal diameter to the maximally dilated point. In comparison, saccu- Coronary aneurysms in Kawasaki syndrome occur in the proximal segments of the major coronary arteries in majority of cases. 7 We observed that aneurysms in the distal segments were always associated with aneurysms in the proximal segments. In these cases, the regression process appeared to start in the distal segments of the coronary arteries and proceeded centrally. Certain mechanical factors may make proximal coronary artery segments more vulnerable to aneurysm formation and at the same time less amenable to healing. First, the proximal segments are larger. Loss of integrity of the vascular wall as a result of inflammation may increase the wall tension at any given intraluminal pressure than in middle and distal segments. Second, the proximal coronary artery segments are more ex- The second paragraph of the above article was published in an incomplete form. The correct paragraph is as follows:
"The multicenter randomized trial conducted by the Netherlands Interuniversity Cardiology Institute demonstrated early recanalization in 79% of patients with angiographically proven obstruction, without major complications. The high patency rate after thrombolysis was associated with limitation of infarct size, higher left ventricular ejection fraction (LVEF), and improved survival in comparison with these variables in conventionally treated patients. The design of this study, clinical course in the hospital, complications of early catheterization, limitation of enzymatic infarct size, and improvement in left ventricular function and survival during the follow-up period have been described elsewhere.
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